IlllllllIlllllllllUll 

(id EP 1 398 956 A1 

(12) EUROPEAN PATENT APPLICATION 

(43) Date of publication: (51 ) | n t CI. 7 : H04N 1/60 

17.03.2004 Bulletin 2004/12 

(21) Application number: 02019985.7 



(22) Date of filing: 05.09.2002 



(84) Designated Contracting States: 


(72) 


Inventors: 


AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 


• 


Lammens, Johan 


IE IT LI LU MC NL PT SE SK TR 




08190 Sant Cugat del Valles, Barcelona (ES) 


Designated Extension States: 


• 


Encrenaz, Michel 


AL LT LV MK RO SI 




08191 Rubi, Barcelona (ES) 


(71) Applicant: Hewlett Packard Company, 


(74) 


Representative: Orsi, Alessandro 


a Delaware Corporation 




Hewlett Packard Espanola S.A. 


Palo Alto, CA 94304 (US) 




Legal Department 






Avda.Graells 501 






08190 Sant Cugat del Valles, Barcelona (ES) 



(54) 4-dimensional gray neutrality calibration 



(57) A method of applying a gray neutrality calibra- 
tion to a color signal, said method comprising: repre- 
senting said color signal as a position in a multi dimen- 
sional color space, in which each said dimension of said 
color space represents a respective primary color; de- 
fining a gray axis in said multi dimensional color space 
as a set of coordinates for which a plurality of said pri- 
mary colors each have a same value as each other; de- 
termining a distance between said position representing 
said color signal and said gray axis; and using said de- 
termined distance between said color signal position 
and said gray axis to apply a gray neutrality correction 
to said input color signal. 




Europaisches Patentamt 
European Patent Office 
Office euro pee n des brevets 




BEST AVAILABLE COPY 



CO 

in 

O) 

00 
O) 
CO 



Ql 

111 



Fig. 9 



Printed by Jouve, 75001 PARIS (FR) 



EP 1 398 956 A1 



Description 

Field of the Invention 

[0001] The present invention relates to the field of printers. 
Background to the Invention 

[0002] A printed grayscale extends at one end from no ink (which shows as white on a white print media) through 
various shades of gray to full black at the other end of the grayscale. 

[0003] It is often desirable or necessary to apply a "gray neutrality calibration" correction to a printer device's color 
space in order to have the printer produce visually neutral grays with some well defined digital inputs, for example 
equal values of cyan, magenta, and yellow. That is, the values C=M=Y. A common way to achieve this is to apply a 
1 -dimensional "transfer function" to each of the cyan, magenta and yellow colorants separately. Such transfer functions 
can be calculated based on the colorimetric or densitometric measurements of a printer's "raw" behavior. 
[0004] However, an undesirable side effect of using 1 -dimensional transfer functions is that they not only affect the 
gray axis (C=M=Y) but also, the rest of the printer's gamut, i.e. the range of colors, that can be obtained by mixing 
three or more inks. This can lead to non-linearities, contouring, difficulties in creating color maps, gamut reductions, 
and other artifacts. 

[0005] There is a problem in printing grayscale images on an inkjet printer device, using the conventional gray neu- 
trality calibration, that the images do not appear to be gray to the naked eye, and are tinted with a non neutral color, 
that is the gray looks reddish, brownish, yellowish or greenish. In practice, ensuring a neutral gray color is printed is a 
non trivial problem, especially when working with a 4 color printer or a 6 color printer, such as the Hewlett Packard 
DesignJet 5000 type printer. 

[0006] Ideally, the gray neutrality calibration should be applied only to the gray axis, but without creating discontinu- 
ities elsewhere. 

Summary of the Invention 

[0007] According to a first aspect of the present invention there is provided a method of applying a gray neutrality 
calibration to a color signal, said method comprising: 

representing said color signal as a position in a multi dimensional color space, in which each said dimension of 
said color space represents a respective primary color; 

defining a gray axis in said multi dimensional color space as a set of coordinates for which a plurality of said primary 
colors each have a same value as each other; 

determining a distance between said position representing said color signal and said gray axis; and 

using said determined distance between said color signal position and said gray axis to applying a gray neutrality 
correction for correcting an input color signal. 

[0008] According to a second aspect of the present invention, there is provided a method for applying a first set of 
gray balancing color corrections to a printers gray axis , a second set of different color corrections to a printers gamut 
surface, and continuously varying intermediate color corrections everywhere else in the gamut, the method comprising: 

calculating a grayness function which evaluates the distance to the gray axis for a plurality of color signals each 
carrying a single color data of a multi-dimensional image data; and 

using the value of said grayness function and its complement as weights for a linear combination of two sets of 
color corrections applied to a said plurality of color signals; and 

generating an output of said linear combination of color corrections, such that an input into a said color signal 
channel for a color combination which lies upon the printer's gray axis is affected only by said first set of color 
corrections, an input into a said color signal channel for a color combination which lies upon the gamut surface is 
affected only by said second set of color corrections, and an input into a said color signal channel for a color 
combination which lies in between the gray axis and the gamut surface is affected by both said sets of color 
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corrections, in function of the distance to the gray axis and gamut surface, respectively. 

[0009] Using the grayness function avoids the problem of loss of gamut by ensuring that the color corrections are 
applied only when grays are being printed, and not for non gray colors. 

[0010] Other aspects are as recited in the claims herein, and the scope of the invention is limited only by the claimed 
features. 

Brief Description of the Drawings 

[0011] For a better understanding of the invention and to show how the same may be carried into effect, there will 
now be described by way of example only, specific embodiments, methods and processes according to the present 
invention with reference to the accompanying drawings in which: 

Fig. 1 illustrates schematically a large format inkjet printer device for printing large format posters, and which 
receives an image data from an image source, such as a computer having an image generating application; 

Fig. 2 illustrates schematically components of the printer device and image generating computer of Fig. 1 for driving 
a multi color ink print head across a print media for producing printed images; 

Fig. 3 illustrates schematically components of a print channel within the printer device, for receiving an image data, 
and driving a print head for printing an image according to the input image data; 

Fig. 4 illustrates schematically a work flow process for converting an RGB image data into a multi color image data 
for driving a print head within the printer device of Fig. 1 , 2, and 3; 

Fig. 5 illustrates schematically image data processing of an RGB image data and conversion into a 6 color channel 
image data by the printer device of Figs. 1 , 2 and 3; 

Fig. 6 illustrates schematically a calibration arrangement for performing a calibration process on the print channel 
of a printer device; 

Fig. 7 illustrates schematically a calibration process for calibrating a printer device according to the calibration set 
up of Fig. 6 herein; 

Fig. 8 illustrates schematically a first data flow comprising the calibration process of Fig. 7; and 

Fig. 9 illustrates schematically a graphical representation of a multi-dimensional color space, illustrating schemat- 
ically a gray axis and a gamut surface, and a grayness function according to a specific method of the present 
invention. 

Detailed Description of the Best Mode for Carrying Out the invention 

[001 2] There will now be described by way of example the best mode contemplated by the inventors for carrying out 
the invention. In the following description numerous specific details are set forth in order to provide a thorough under- 
standing of the present invention. It will be apparent however, to one skilled in the art, that the present invention may 
be practiced without limitation to these specific details. In other instances, well known methods and structures have 
not been described in detail so as not to unnecessarily obscure the present invention. 

[0013] One object of specific implementations according to the present invention is to ensure that when grayscales 
are printing on a printer device, they appear to an observer to look gray, rather than a shade of green, brown, red, 
yellow, or tinted by some other non neutral color. 

[0014] Specific methods according to the present invention implement generation of 4-dimensional look up tables 
starling from a first set of transfer functions to be applied to the gray axis (C=M= Y) and a second set of transfer functions 
to be applied to the gamut surface, with continuously varying behavior in-between. 

[0015] Such 4-dimensional look up tables can then be for example, included in a "device link" type ICC profile, and 
applied with any ICC compatible color management module which can handle this type of profile. 
[0016] In a best mode implementation, the core of the method is a "grayness function" defined as: 
Equations 1: 
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g (c,m,y) = min (c,m,y) /max (c,m,y) for max (c,m,y) > 0 



5 g (c,m,y) = 1 for max (c,m,y) = 0 

[0017] The g function returns a value of 1 for every point on the gray axis (C=M=Y), and a value of 0 for every point 
on the gamut surface with exception of (0,0,0) and (1,1,1), which are considered part of the gray axis. 
[0018] A 4-dimensional look up table is then defined with an arbitrary number of control points (nodes) in each di- 
10 mension, where the output values at each node are given by the following equations: 
Equations 2: 

c'= g (c,m,yrGNCc (c) + (1-g(c,m,y))*ID(c) 

15 

m' = g(c,m,y)*GNCm(m) +(1 -g(c,m,y))*ID(m) 



y' = g(c,m,yrGNCy(y) + (1- g(c,m,y))*ID(y) 



k' = ID(k) 

25 where: 

g is the grayness function; 

GNCc is the gray neutrality transfer function for the color cyan, and similarly GNCm and GNCy are gray neutrality 
30 transfer functions for magenta and yellow respectively; 

ID is an identity function. 

[0019] The output values c\ m', y* respectively for each color are obtained as a linear combination of the gray neutrality 
35 transfer functions GNC, and the identity transfer functions ID, weighted by the grayness function g and its complement 
respectively. 

[0020] The output values corresponding to inputs that are not represented exactly by the nodes (control points) of 
the lookup table are obtained by standard multi dimensional interpolation techniques, such as multi-linear or tetrahedral 
interpolation. 

40 [0021] Alternatively, the use of lookup tables can be avoided altogether by applying equations 1 and 2 directly to any 
combinations of c, m, y and k input values, generating the output values c\ m\ y' and k\ Such algorithmic application 
may benefit from hardware assistance in order to obtain the necessary throughput. 

[0022] This method can be applied to any two sets of transfer functions that have to be applied differentially to the 
gray axis versus the gamut surface. The method can be applied equally to three color CMY device spaces as to four 
45 color CMYK device spaces. Other extensions may include further modifications of the grayness function to incorporate 
quadratic or other non linear behavior, and non identity transfer functions applied to K. If the black ink K needs to be 
corrected together with C, M and Y for gray balancing, then the last clause of equations 2 would be written as 
Equation 3: 

50 k' = g(c,m,y)*GNCk(k) + (1- g(c,m,y))*ID(k) 

[0023] Although the examples shown so far involve two sets of one-dimensional transfer function, other types of 
corrections are possible. In its more general form we can rewrite equations 2 as 
55 Equation 4: 

(c\ m', y\ k') = g(c,m,y)*f1(c,m,y,k) + (1 -g(c,m,y))*f2(c,m,y,k) 
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where g is the grayness function as defined in equations 1 , f1 is a first multi-dimensional color correction function 
to be applied to the gray axis, and f2 is a second multi-dimensional color correction function to be applied to the gamut 
surface. 

[0024] Due to the differential application of corrections to the gray axis versus the gamut surface and in-between, 
the side effects of using global transfer functions can be mitigated or avoided altogether. Likewise, since the gray 
neutrality transfer functions are applied only (or mainly) to the gray axis, they can be designed without constraining 
them unnecessarily to for example reach 1 00% output at 1 00% input in order to prevent gamut reductions. This means 
greater design freedom for gray neutrality transfer functions and hence better gray balancing. 

[0025] There will now be described a specific implementation of the printer device which applies a gray neutrality 
calibration within a color signal processing channel, according to the specific embodiment of the present invention. 
[0026] Referring to Fig. 1 herein, there is illustrated schematically a print system comprising a 6 color printer, for 
example a Hewlett Packard Design Jet 5000 series Inkjet printer device, and a computer providing image data to the 
printer device. The printer device comprises a free standing chassis unit containing a printer mechanism comprising 
a media transport mechanism for carriage and movement of a sheet or roll of print media, and a print head, carrying 
a plurality of inkjet nozzles, one group of nozzles for each color; a user interface for interfacing with an external computer 
device 101 ; and a controller firm ware. 

[0027] Referring to Fig. 2 herein, there is illustrated schematically in further detail components of the printing system 
of Fig. 1 comprising printer device 200 and computer 201 . The printer device comprises a print mechanism 202 con- 
sisting of a media transport mechanism for carrying a sheet or roll of print media, and a print head which traverses 
across the print media for printing onto the print media; an input/output port 203 for communicating with the computer; 
a gray neutrality data memory 204, for storing a plurality of multi-dimensional look up tables for applying gray neutrality 
corrections to color data signals, each corresponding to different combinations of ink, media and printmode (number 
of print passes, carriage speed, etc.); comprising a profile memory 205 for storing a plurality of print profiles, each print 
profile suitable for printing a different combination of print media and ink; print firmware 206, the print firmware controlling 
the printer device; and a user interface 207, for example a small liquid crystal display or similar, or a web interface. 
[0028] Computer 201 comprises one of more input/output ports 208; a data storage device 209, for a example a hard 
disk drive unit; at least one memory device 21 0; a data processor device 21 1 ; a user interface 212, including a keyboard, 
pointing device, and visual display unit; an operating system 213, for example the known Unix® , Linux® , or Microsoft 
Windows® operating system; one or more print drivers 214 for driving the printer; and an image generating application 
215 for generating RGB, CIELAB , or CMYK image data for printing by the printer device. 

[0029] Referring to Fig. 3 herein, there is illustrated schematically components of a print channel of the printer device. 
The print channel comprises the input/output port 300; for inputting RGB, CIELAB, or CMYK image data; a data bus 
301 ; a processor device 302; a color map profile 303; a buffer device 304 for inputting and temporarily storing RGB 
image data, whilst data processes are carried out on the RGB image data to convert it into CMYK image data according 
to the color profile; an RGB to CMYK conversion algorithm 305 for applying RGB to CMYK color space conversion to 
the image data and for applying a look up table to the CMYK image data; a set of 4-dimensional look up tables for 
applying gray neutrality calibration to CMYK image data; a plane splitter algorithm 307 for applying plane splitting to 
individual colors of the CMYK image data; an output amplifier 308 having 6 signals outputs, each for driving a corre- 
sponding respective inkjet head within print head assembly 309. 

[0030] Within the print channel, each Red Green Blue (RGB) or L*a*b* (CI ELAB) color has its own separate process- 
ing channel. After RGB or CIELAB to CMYK conversion, each CMYK color has its own color signal channel giving 4 
channels. The printer can also accept CMYK image data directly. The 4 channels are gray balanced using the Gray 
Neutrality Calibration lookup table 306 as described below. Next, the 4 channels are fed into the plane splitter, which 
takes 2 of the color channels, cyan and magenta, and splits each of those channels into two channels, resulting in a 
total of 6 channels fed into the output amplifier 307, which outputs 6 amplified color signal channels to the print head 
assembly, one for each print head. 

[0031] By 6 color, it is meant here a combination of the known cyan, magenta, yellow and black inks (CMYK), plus 
light cyan and light magenta. The light cyan and light magenta inks use the same colorants as the cyan and magenta 
inks, but in a lighter dilution. Light inks are used for printing very pale colors in highlights of images. When very pale 
colors are being printed, the light inks are used instead of their full density counterparts, because the lights inks reduce 
dot visibility, and result in a visually smoother image. 

[0032] There are basically two ways of achieving printing of a grayscale image in a 4 color or 6 color printer device. 
[0033] Firstly, the grayscale image can be printed using a black ink only, and this gives a grayscale image by definition. 
However, typically this is not done because dots of black ink are very visible so this results in a grainy appearance on 
the image. Also, there are other known image quality problems which arise using black ink only, therefore typically this 
solution is not preferred. 

[0034] Secondly, grayscale images can be produced using all the inks. In a 6 color system this includes the light 
cyan and light magenta, dark cyan, dark magenta, yellow and black. These inks can be mixed in such a way that the 
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profile is selected in the image data processing channel in order to generate the final printed image by emitting jets of 
ink onto the print media. 

[0043] Similarly, a different multi-dimensional Gray Neutrality Calibration look up table is generated for each combi- 
nation of print media type, ink type and print quality, and at manufacture of the printer device, a set of look up tables 
are loaded into the printer device, in a look up table library, so that for each combination of print media, ink type and 
print mode, a corresponding respective look up table is selected in the image data processing channel in order to 
generate a gray neutrality correction to the multi-channel image data, so that the ink emitted by the ink jets onto the 
print media produce visually neutral grays which are optimized for that particular combination of ink type, media type, 
illuminant, and print resolution. 

[0044] Referring to Fig. 6 herein, there is illustrated schematically components in a printer calibration system com- 
prising a printer device 600, a spectrophotometer 601 , and a computer device 602. 

[0045] The (un-calibrated) printer device is used to print an array of gray shades, which are then read and analyzed 
by the spectrophotometer. The spectrophotometer outputs spectral data for each of the grays, which is fed into the 
computer device. The computer device applies an algorithm which calculates a set of transfer functions for correcting 
the signals in each individual color CMYK channel, so that when that signal data is fed back into the printer device and 
reprinted a second array of grayscale color patches results. The second set of grayscale color patches may be visually 
and/or instrumentally inspected to check that they are true grays, without any color cast. 

[0046] The printer device, as described before comprises a printer mechanism 603, one or more input/output ports 
604; a profile memory 605; printer firmware 606 and a user interface 607. 

[0047] Spectrophotometer 601 comprises one or more input/output ports 607; a spectrophotometer detector hard- 
ware comprising a series of detectors for detecting light reflected from a set of inks under an illuminant, and generating 
a spectral power density curve from the received illumination; a control firmware component 609 for controlling the 
spectrophotometer detector hardware; and a user interface 610. 

[0048] Computer 602 comprises one or more input/output ports 611 ; a data storage device 612 for example a hard 
disk drive; a memory component 613; processor 61 4; a user interface 615; an operating system 616 and a color profile 
application 617 for profile generation, and a gray neutrality algorithm 618 for applying a gray neutrality calibration 
process according to a specific method of the present invention. 

[0049] The standard methods for generating color profiles for printers, including some form of gray balancing, works 
reasonably well for 4 color printers. However, for 6 color printers, the system does not work so well, specifically with 
respect to gray neutrality. Consequently, a specific gray neutrality calibration as described here is necessary. In addition, 
any gray balancing included in a standard printer profile will not be applied to the direct CMYK (device color) path of 
a printer, whereas as all-device space gray neutrality calibration as described here does. 

[0050] Additionally, there is a related problem, that of metamerism. This where the color hue perceived variesjas a 
function of the light source under which the printed image is viewed. If the color profile characterization target is rneas- 
ured under a D50 illuminant, then the result of printing after profiling should also be viewed under D50 illuminant, or 
an illuminant very close to D50, 

[0051] Even keeping the illuminant data and the illuminating source for viewing as D50, coloration of neutral grays 
was found using the traditional printer profiling methods. 

[0052] Another problem using traditional methods on the 6 color inksystem was that where color profiling was carried 
out using an illuminant of 1 type (for example D50), and then the illuminant for viewing was of another type, for example 
a fluorescent illuminant similar to D50, the perceived result by the viewer varied significantly from neutral gray, a printed 
image which looked acceptably when viewed under a D50 illuminant or D50 similar illuminant, when viewed under a 
fluorescent source would look significantly different, and not a neutral gray color. 

[0053] The gray neutrality calibration according to the specific method disclosed herein addresses each of the above 
problems. 

[0054] The first identified problem was analyzed by the inventors as being due to the fact that traditional color profiles 
did not exercise enough control over low levels of ink colorant. 

[0055] The second identified problem was the fact that the profiling stage occurs in the 6 color printing device before 
the plane separation, so that the profile is aimed at a 4 color separation, whereas the actual inks printed result from a 
6 color separation, with the overall effect of compounding the problem that the 4 color profile did not have enough 
control over the final 6 color level signal to give satisfactory gray neutrality results. 

[0056] Referring to Fig. 7 herein, there is illustrated schematically process steps carried out by the calibration system 
for applying a Gray Neutrality Calibration process to a printer device during a manufacture stage, using a spectropho- 
tometer, in which a set of gray neutrality calibration corrections are generated which enable the printer device to print 
a gray scale image data with accurate gray tones, taking account of variations in media type and ink type, according 
to a plurality of different print modes of the printer, each print mode comprising a particular combination of print head 
assembly scan speed, print media feed speed, printing directionality, resolution, etc. 

[0057] A gray balance characterization target is printed, comprising an array of color patches of grays of intermediate 
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l™TZT7™c£Z7 r b t a,andn9 WhiCh , 9iV6S 9 ° 0d r6SUftS Und6r 3 Variety ° f representative ifght ources 

, , he 9ray neutralit y calibration is that it has to work and be able to be applied in a 4 

d mensional color space, that is on a 4 channel color image data CMYK, when jobs are sent to the onn e devle 

t Z mTr^f , f0rmat ThiS Capabi "' ty ne6dS t0 bS in buitt ' Since there is a « «VS 4 colchannXaceXa 

lloeirT^T S °, USerS WiSh l ° SUPP ^ ima9e data as 4 mensional color space image data. 9 
3 tranlf^fnn t ' SSUe ^ reS °' Ving 38 fo "° WS - ° nce a 9 rav "eutra.ity calibration was contemplated 

tJSZ h fU ti nCt '° nS K Were generated, one for each color channel C, M, Y which were applied to me coto c^annei' 
ndependent y. Each transfer function is 1 dimensional, taking one value in and outputting a second value These 3 
transfer funcjons operated in paraHel on the C, M & Y channels modify the levels of C M & Y L Xteai ol 
n bXf 8 S ? Utra ' 9ray 803,6 at a " ValU6S ° f the «W scale fr om white to black, and «EE£2£ qravs 

nJ S a rM ^ H h v re iS third Pr0b,em iR th3t Particular 'y near the darker end of the gray "Zor more of 
whi^h T ' ,T Y ' nk leVe ' S ° UtpUt from the transfer ,unction s will end up at less than the full densiTof ink 

^JT^f ; e,S ' bUt t0 Vary the relative levels between 0 and 100% in order to avoid averse 

Th P r 9 J maX ' ma y S8tUrated Primary aPd SeC ° nda, y COlors ' non -9ray colors. 
™? 1 k k transf6r function s work well for gray colors, but when applied to the whole ranae of possible 

St 3 " 6 P IT 93mUt Ca " 66 IOSt That iS ' the maxi ™ m ra "9 e of colo P rs which « *TpiS£j5^ 
?on£ e c ' by aPP ' ying the 9ray neutrality calibration transfer functions as is * P 

10064] For example, if a red color of maximum saturation is to be printed, this consists of 1 00% i e maximum value 

wlmlenta to 90o/° % h T ^ ' I"* * ^ ^ a ^ ca,ibration Ln It m^Ueduc" h " 

iSiSS^bto ' ^ 1 ° 0% ye " OW l ° 95% ye " OW ' meaning that the resultant red color is not as 

%ZZZL T r ere !° re ' t0 aV ° id the Pr ° blem ° f gamut loss ' the invent °rs realized that the transfer functions needed to be 
XL, % w hen grays were being printed and not when other colors were being printed 

K2L ^ fu° consisted in the definition of a "grayness function" which may be considered as a control channel 

h <TZ™ n0rmal ° MYK ima9e data Channe ' S (Equati0ns 1 >- The grayness'function 5Sii"?3SSLto 
the .deal gray ax.s, on a normalized scale of 0 to 1, and returns a number which is a maximum value (?) whe^he 

ax ° I a lr 6X H " ° n ? aXiS ' and 8 V8 ' Ue ,6SS th8n 0ne ' when the oolors are off the gray^T whe re t e orav 

surface whS ? S S ^ ^ 3 Va ' U6 ° f °' Whe " the C °'° r channel data ^n the gamut 

surface which ,s defined as be.ng where one of the inks is at maximum value (100%) and at least one of the other 

The g :mu~e Um ^ ^ ^ ^ Vari6S Sm °° th ' y h ^ ^ »» 2 grayed 

rs 6 cle?t f hri n dil? 9 h ? r6 7' thSre jS iHUStrated schematica,| y an ^mple of a multi dimensional color space, in 
TlnZ ! d«mens.onal color space, where each of three primary colors cyan, magenta and yellow are reDrr. 

Z?. 88 C ° rreSp0nd,n 9 reSDective dimensions 900 - 902, where the dimensions are orthogonaUo eac^ a zeTo 
*£ZZ to?™: 2 orone in' 8 T eSented 35 3 ValUG ° f Z6r0 31 ° ri9in ' 8nd 8 m8Xi ™ m *n "a«n ,e 6 vS 

^ssssrs: : aC h onhT ^z: Therefore - the three dimensionai — spa ~ - - p — d - a 

[0068] The gray axis is represented as a diagonal line 903 extending between coordinates (0 0 0) and M 1 n «nri 
XTJmJy 6 C ° nSiStin9 ° f 3 P ' Urality °' COOrdinateS ' Wh - the vSue. of each pta^or ITquai tc IS 

rm^oT^cro^ 
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[0070] The grayness function is defined as: 

a value of one on the gray axis 903, including the origin (0,0,0) and the point where all three primary colors are 
saturated, at co-ordinate (1,1,1); and 
zero on the gamut surface. 

[0071] At all other positions within the color space, the grayness functions for any combination color represented by 
a point (x,y,z) is determined as being a distance of the co-ordinates occupied by the color combination in color space 
and the gray axis line 903. The complement of the grayness function is the distance between the position of the color 
combination in color space and the gamut surface. In the example shown of a three-dimensional color space, the 
distance can be represented as the magnitude of a vector. However, in four dimensional or higher dimensional color 
spaces, the distance does not have a physical distance analogy, but is represented by a mathematical distance. The 
distances are relative values, having a value between zero and one. 

[0072] The grayness function and its complement are then used as weights to calculate a linear combination of two 
sets of color correction functions, one set being in this case the gray neutrality calibration transfer functions, and the 
other set being in this case a set of identity transfer functions (Equations 2). 

[0073] For efficiency reasons, said linear combination of transfer functions was implemented using 4-dimensional 
lookup tables combined with standard interpolation techniques. The values corresponding to each node (control point) 
of the lookup tables were obtained by applying equations 1 and 2 to each corresponding tuple of input CMYK values. 
[0074] Specific implementations according to the invention extend to an algorithm for generating a multi-dimensional 
look up table, for installation into a printer device for applying a gray neutrality calibration data to a multi-dimensional 
image data, the algorithm comprising components for: applying said lookup tables to a data input of each of a plurality 
of color signal channels each carrying a single color data of said multi-dimensional image data; and generating an 
output of said lookup table, such that an input into a said color signal channel for a color combination which liesupon 
a gamut surface remains unaffected by said gray neutrality calibration. 

[0075] Further specific implementations of the invention extend to an electronic program data comprising computer 
instructions for generating a multi-dimensional look up table, the multi-dimensional look up table being suitable for 
installation into a printer device for applying a gray neutrality calibration data to a multi-dimensional image data, the 
program data comprising components for: applying said lookup tables to a data input of each of a plurality of color 
signal channels each carrying a single color data of said multi-dimensional image data; and generating an output of 
said lookup table, such that an input into a said color signal channel for color combination which lies upon a gamut 
surface remains unaffected by said gray neutrality calibration. 

[0076] Yet further specific embodiments of the invention extend to electronic signals comprising program instructions 
for generating a multi-dimensional look up table, the look up table being suitable for installation into a printer device 
for applying a gray neutrality calibration data to a multi-dimensional image data in said printer device, the program 
instructions comprising instructions for: applying said lookup tables to a data input of each of a plurality of color signal 
channels each carrying a single color data of said multi-dimensional image data; and generating an output of said 
lookup table, such that an input into a said color signal channel for a color combination which lies upon a gamut surface 
remains unaffected by said gray neutrality calibration. 

[0077] In one specific embodiment there is provided a printer device for printing image data, said printer device 
comprising: a printer mechanism having a media transport mechanism and a printer head mechanism; a print channel 
capable of inputting a multi-dimensional image data; a multi dimensional look up table capable of applying a gray 
neutrality function to said multi dimensional image data. 

[0078] Whilst in the foregoing best mode implementation, there has been described a system and method in which 
a 3 color RGB or CIELAB signal is converted to a 4 color CMYK signal, or a 4 color CMYK signal is accepted directly 
by the system, and a 4 dimensional look up table is applied to produce gray neutrality calibration, in principle, the 
invention is not limited to operate on 4 or 6 channel image data, but may operate on image data having fewer or more 
color channels. 



Claims 

1 . A method of applying a gray neutrality calibration to a color signal, said method comprising: 

representing said color signal as a position in a mufti dimensional color space, in which each said dimension 
of said color space represents a respective primary color; 

defining a gray axis in said multi dimensional color space as a set of coordinates for which a plurality of said 
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primary colors each have a same value as each other; 

determining a distance between said position representing said color signal and said gray axis; and 
2. The method as claimed in claim 1 , wherein said determined distance is determined as a grayness function defined 
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g (color) = min (color) / max (color) max (color) > 0 

15 9 (color) = 1 max (color) = 0 

where g (color) is the grayness function; and 
(color) is a value of a color signal. 



20 



25 



30 



35 



40 



45 



50 



55 



3. The method as claimed in claim 1 or 2, comprising: 

normalising each of said primary colors to have values in a range 0 to 1 ; 
representing each position on said gray axis by a value of 1 ; and 

4. The method as claimed in any one of claims 1 to 3 comprising: 

!°l?L° r S , i9na ' T'" 9 3 P0Siti0 " corres P° ndin 9 to * maximum saturated value of at least one said primary 
color, applying a 0 correction to said color signal. primary 

5. The method as claimed in any one of claims 1 to 4, comprising: 

for a color signal having a position on said gray axis wherein said color signal has equal values of each of said 
pluralrty of pnmary colors, applying a full value of said correction. 

6. The method as claimed in any one of claims 1 to 5. wherein said primary colors are non-black primary colors. 

7. The method as claimed in claim 1 , further comprising: 

applying a first set of gray balancing color corrections to a printer's gray axis, a second set of different color 
ZTn r;°mut, r,nte ' S 93mUt SUrfaCe ' C ° n,inUOUS * int6 ™ diate COl ° r ^reclT^Z 

calculating a grayness function which evaluates the distance to the gray axis for a plurality of color signals 
each carrying a single color data of a multi-dimensional image data; and 

nf S Z!r 6 Va ' Ue ° f r yn6SS fUnCti ° n 3nd itS com P' em ent as weights for a linear combination of two sets 
of color corrections applied to a said plurality of color signals; and 

SZSE ^ °r Ut ° f K- aid ' inear combination of c °'° r corrections, such that an input into a said color signal 
channel for a color comb.nation which lies upon the printer's gray axis is affected only by said first se : of So 
corrections, an input into a said color signal channel for a color combination whbh lie upon" he gamu surface 
.s affected only by said second set of color corrections, and an input into a said color signal channeTfor a color 
combination which lies in between the gray axis and the gamut surface is affected by both said se s of oolo 
cordons, as a function of the distance between said color combination and the gra'y axis and thence 
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between the color combination and the gamut surface, respectively. 

8. The method as claimed in claim 7, wherein the two sets of color corrections are both one dimensional. 

9. The method as claimed in claim 1 , comprising: 

generating a multi-dimensional look up table for installation into a printer device for applying a gray neutrality 
calibration data to a multi-dimensional image data; 

applying a weighted transfer function to a data input of each of a plurality of color signal channels each carrying 
a single color data of said multi-dimensional image data; and 

generating an output of said transfer function, such that an input into a said color signal channel for a color 
combination which lies upon a gamut surface remains unaffected by said transfer function. 

10. The method as claimed in claim 9, wherein said process of generating a multi-dimensional look up table data 
comprises storing data in each of a plurality of dimensions, each dimension corresponding to a respective color 
channel. 

11. The method as claimed in claim 9 or 10, further comprising: 

identifying a set of individual control points within said multi-dimensional look up table data; and 
normalizing said control points to a maximum signal value. 

1 2. The method as claimed in any one of claims 9 to 1 1 , wherein an input data into said plurality of color signal channels 
comprises a 4 dimensional image data having data for cyan, magenta, yellow and black colors. 

13. The method as claimed in any one of claims 9 to 12, comprising generating a plurality of said multi-dimensional 
look up tables, each corresponding to a particular combination of: 

ink type; 

media type; and 

printer resolution. ... 

14. The method as claimed in any one of claims 9 to 13, comprising determining a grayness function defined as: 

g (color) = min (color) / max (color) max (color) > 0 

g (color) = 1 max (color) = 0 

where g (color) is the grayness function, and (color) c is a value of color signal in a said color signal channel. 

15. The method as claimed in any one of claims 9 to 14, wherein said multi-dimensional look up table comprises an 
arbitrary number of control points in each said dimension, where the values at each control point are given by the 
following equations; 

c'=g (c,m,y)*GNCc (c) + (1-g(c,m,y)riD(c) 



m' = g(c,m,y)*GNCm(m) + (1-g(c,m,y))*ID(m) 
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y' = g(c,m,y)*GNCy(y) + (1- g(c,m,y))*ID(y) 



k* = ID(k) 



where GNC is a gray neutrality transfer function; 
ID is an identify transfer function; and 
g is a grayness function. 

16. The method as claimed in any one of claims 9 to 15, wherein said multi-dimensional look up table comprises an 
arbitrary number of control points in each said dimension, where the values at each control point are given bv the 
following equations; 

color = g (color)*GNCcolor (color) + (1-g(color))*ID(color) 
k' = ID(k) 

where GNC (color) is a gray neutrality transfer function for a particular color channel; 
g (color) is a grayness function; 

ID (color) is an identify transfer function for a particular color; and 
k is a color black signal. 

17. A printer device for printing image data, said printer device comprising: 

a printer mechanism having a media transport mechanism, a printer head mechanism and; a print channel 
capable of inputting a multi-dimensional image data; and 

a mufti dimensional look up table capable of applying a gray neutrality function to said multi dimensional image 
data, wherein said multi dimensional lookup table is generated by: 

representing said color signal and said gray axis; and 

using said determined distance between said color signal position and said gray axis to apply a gray 
neutrality correction to said input color signal 

18. The printer device as claimed in claim 17, wherein said multi dimensional look up table is generated as an output 
of a grayness function, said grayness function defined as; 

g (c,m,y) = min (c,m,y) / max (c,m,y) max (c,m,y) > 0 

g (c,m,y) = 1 max (c,m,y) = 0 

where g (c ; m,y) is the grayness function; and c is a value of a cyan color data; and m is a value of a magenta 
color data; and y is a value of a yellow color data. 

1 9. The printer device as claimed in claim 1 7 or 1 8, wherein said multi-dimensional look up table comprises an arbitrary 
number of control points in each dimension, wherein the output values at each control point are given by a linear 
combination of a gray neutrality transfer function GNC and an identity transfer function ID weighted by the grayness 
function g and its complement respectively. 

20. The printer device as claimed in any one of claims 1 7 to 1 9, wherein said multi-dimensional look up table comprises 
an arbitrary number of control points in each said dimension, wherein the values at each control point are given 
by the following equations; 
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c'= g (c,m,y)*GNCc (c) + (1-g(c,m,y)riD(c) 



m' = g(c,m,y)*GNCm(m) + (1-g(c,m,y))*ID(m) 



y' = g(c,m,y)*GNCy(y) + (1- g(c,m,y)riD(y) 



k' = ID(k) 

where GNC is a gray neutrality transfer function; 
ID is an identify transfer function; and 
g is a grayness function. 

21. An algorithm for generating a multi-dimensional look up table, for installation into a printer device for applying a 
gray neutrality calibration data to a multi-dimensional image data : the algorithm comprising components for: 

applying said lookup tables to a data input of each of a plurality of color signal channels each carrying a single 
color data of said multi-dimensional image data; and 

generating an output of said lookup table, such that an input into a said color signal channel for a color com- 
bination which lies upon a gamut surface remains unaffected by said gray neutrality calibration. 

22. A data storage medium carrying an electronic program data comprising computer instructions for generating a 
multi-dimensional took up table, the multi-dimensional look up table being suitable for installation into a printer 
device for applying a gray neutrality calibration data to a multi-dimensional image data, the program data comprising 
components for: 

applying said lookup tables to a data input of each of a plurality of color signal channels each carrying a single 
color data of said multi-dimensional image data; and 

generating an output of said lookup table, such that an input into a said color signal channel for color combi- 
nation which lies upon a gamut surface remains unaffected by said gray neutrality calibration. 
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